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IZ.NAb;-ﬁracf: )
Consideration is given to spoiler type lateral controls as a means of wtilizing
tull span flaps., An air jJet spoiler €Ref, 243) 1s described which eliminates
some of the response problems awsociated with mechanical spoilers, as well as a
high litt system utilizing this device in cenjunction with moderate BLC equipment,
Preliminary calculations are carried out for thissystem applied to the L-2] (PA-18)
aircraft. For boundary layer blowing over the inboard flap (Cﬁ = ,03) and
simultaneous application of tull spoiier (Pb/2v = .07), the power supply described
in R@f. 5 is found *o be adequate as an air source. The modified alrcrait has a
calcul ated Clyax ©1 2.98 under power using the stock engine, and requires
additional longitudinal trim during landing sufficient to change the eftective
incidence of the Yail 11,59, '
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Foraword

The research reported herein was conducted by Princeton University —nder
'1herdlragtion ot 1He Qffice nf Naval Research, Departrent of the Navy, in
cooperation with the Ottice of Chief cf Transportation, Depa tment of the Army,
This report wuntains the final resulis of Phase Y1 of the folloxing six phases

«

o7 thd overall research proyram:

I - Basic Leteral Control Characferisficd of the L-2I Airplane

tIV_ Jet Spoiler Performanze of the L-2I Airplone

I Preséure Distripution Investigation of a Jéf Sgoiler on the L-ZI Airplare

iy Twu-Uimensional Test with a Jet Spoiler

g tnvastigation ot Jet Spoiler Lateral Controls on a Moderately Thick Wing of
High Aspect Ratio

I baulﬁn Study of a Modified High Lift and Lateral Control System tor the L-2]

Airplane
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w
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Spoiler jet velccity
Boundary iaye:. control jet velocity
Free stream velocity
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Wing litt curve slope
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Tatl Fiit (urve slope

Lecat on of ~ing acrocvramic center, 0

levation ot aiscrart ceater of gravity, $%
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Rollivg moment ccefticient
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L. lntrodyction

Lue to the extreme demands now placed on the primary litting surfaces of
air<ratt In the landing contiguration, censiderable smphasis Is directed toward
viticigni ufiizeéfion of wing pianform so that the maximum Fitt ;ill enable
sutficjently low landing speeds. The high wing lpading demsnded by drag
considerations at the higher velocities has forced the designer to Investlgate
the pynsibiliticy of many new means of |ift augmentation, It we consider a
“"convent ional® aircraft configuratlion, thet is, an aircratt having a lifting
surface of moderate aspect ratlio, horlzontal and vertical stabil!lzer, and no
titt contribuljons trom fne thrust of the engine or i*s slipstream, it is clear
that there are two general groupw of devices which intreare the maximum [itt
coefticient of a #ing of given planform;

1) Tnpse w ich alter tne effective angle of attack ot the wing, such as

common flaps, aw well as the more recent jet tlap;

/) Those which deloy the separation of the tlow from the upber rear
surface ot ths wing, such as drooped leadiny edges, leading edge
slats, ond boundaly 1ayer suction and blowing.

Neglecting weignt and structural (as well as power) penalties, these devices
may te employed au required as long as the more stringent damands oflsfab!ll*y
and control can te met, Usually this will mean the utilization of a large
portion of the wing trailing edge for the alleron, with the result that most
etforts toward higher maximum |itt coetticients have vegun with the reducing of
o ing sway with it entirely and empioying one of
the-many types ot spoiler contlgurations, Slnce the use of the latter type ofr

control exposes, the entire wing span to hiygn fitt devices, this report will deal



with the advantages to be gained by the use of spoilcr ‘ype controls, from the
standpoint of imﬁroved low speed performance. In particular, the reletive
merits of a comparaflvgly new type of spoifer are presented.

Recent tests of an air jet spoller (Rets. 2 and 3) have shown tnai control
characteristics similar to that ot conventional spoilers can bg vbtained witn
retatively low vclume flow requirements, Since this device offers some
improvements over mechanical spoilers, & critical examinatior of its
practicability is quite pertinent to fhls study; and since tte use ot suxiliary
power for boundary layer control is of current interest, the pessibllity of an
infegrated jet control - BLC system must be examined. Several characteristics
of these controls will be dealt with:

1) Tre effectiveness of the control over tre angle of attack range and
velocity range for which it is to be used, including the response
characteristics,

2) The high litt devices which become practical from its use, and,

3) The weight and vowa: penalties involved, as well as tthe mechanical
complexity ot the arranQemen?.

In evaluating the improved o~ speed pertormance obtainable by these devices,
emphasic i< placed, within the framawork sf tris study, un oplimizaiian of the
maximum | i¢t coetficient ot the al-cratt, A more detasiled anriysis must involve
drag increments which arise, and thelir eifect upon power requirements ol low
speeds. Calculations are carried out for the L-21 alrcratt (PA [8), an Army
iiason piane, buf are appiicable to aircraft having much higher wing loadings
{where the maximum lift coetiicient has a ﬁore appreclable efteci upon landing

speed), A layout of this aircratt is given in Figure 5,



II. Disgusgion
a. Coptrol chargcterjstics of conventional and air Jet spoilers
Figures | and 2 show typlcal variation of rolling moment coetticients

- for several types ot mechanical spollers, It is obvious that the ncn-|lnearity
in tne auction of these spollers will be highly undesirable during the landing
maneuver. The eftfectivengss of the spoiler will usually increase as It is
moved rearward, and as the angle of attack is increased, thougn there Is a
slight (all-off at hig. angles of attack. The yawing moment is in most cases
favorable, Of interest here is the considerabiz aerodynamic time iag In the
action of these devices, from .1 to | second, spproximately, depending on the
particufar design (Rei. 12). The alr jet conf}ols shown in Fig. 3 are invarlant
with angle of attack up to 12° (Ref. 2), and display no ineffeciveness néar

he origin, The abscissa In this case is the non-dimensional ized momentum fiux
of the jot, C’L , which is relaivd to the power requirement of the jet spofler
and ls deaslt with below. The etfectlveness of a spoiler is roughly proporticnal
to Ity span provided it repressnts a smail fraction of the wing 5ban. 1t 1s
usual ly tound that the rolling moment coefficient Increases with the detlectlion
of a tlap -ltuated behind the spcller, although the Increase will usually
diminish with incruasing angle of attack.

The reterences cited show that, in most cases, adequafé lateral control can
be mainfained for aircra’t having full span flaps by the use of a spoiler-type
device, although its exact design must be cérefully tltted to the particular
wing., The problem of non-linear response fo control deflection appears to be
greatly alleviated by the use of an airjJet spoiler, but the aerodynam!ic lag

tfor this type of spoiler may not be any less than ier the mechanical spalier,



4,

As tar as is known this nas not been measurea, The etfectlIveness ot these devlces
can pe expected fo be increased by any device wnich delays the stalliag ot the
- wirg by energiziay *he flow near its surtace.
5. f nlqj {1 in nction with iler

If the alileron of a conventional alrcratt Is replaced by ar upper suriace
spoiler, the only practical high litt device which Is subsequently avaliable Is
o convantional tlap In place of the allaron, Since this wlill be near the tip of
tre wing, Au\cb , the increase In the &agle of zero |Itt of the wing, wiil
be sraller than for an equivalent tlap near the root. This Increase can ve
predicted with sufticient accuracy by the methods of Ret, 8, The use of tip plates
to suppress turther spanwise flow will .ncresse cons!derably the contribut.on
trom the tlp tlap, provided stallling of the root region Is artiticially lnduced
before tte angle of attack exceeds the value necessary tc couse local separation
at the tips.

The above moditicatlons are common to any wing having spoiler type controls,
Associated wi*h the Jet spoller, however, we have 3 welignht penalty A\;V , angd
o maximym power requlirement H’mgg_ . We assume that the spoiler momentum
coetticient Cug has 8 maxinue value Cuiq, wnlch Is glctsted by the )
the cpettictent ot damping In roll, and the requirec (Eb- , the

V /max
maxImum wing tip helix engle In steady roll. For aircratt In the YTOL and STOL
class, the momentum flux Itselt may give an important contributlion to the rofllng
momant at los forward tilght speeds, and would hence int|uence the velue of
c#sm . 1t, tor This spoiier contiguraticn, Yna fiow issues from an upper
surtace slot naving length f#; and wldth &s , tne C}_., tor any jet spoller slqt

having tength @ and width § s given by



wher e C;u.‘. - fs Vs ds , and € is a mean chord over the gortica of

The wing covered by the spoller (see fFigure 3}, We have 3ssum@d the slot velocity
to by depencent only upon the reservoir pressure of the jet sy.tem, an assumption
valld only for jetge conteeaction ratios in the jet oysterm, The possibility ot
using CHM fo: boundary loyer controel will depend upon the merit of a system
which wil! contqol air to tno BLC siot and the spoiler 2lot in such & way that
tre volune flos 1ates 1o tre spoller ard the boundary loyer control jet asre co-
otdinotesd in a wdy comrencurate with the desi-ed nandling quolitles, Since itlight
ot Jow velocities, aspecially during lanzing, is fesordous it the yse of tlight
control. oftevts the net lirt of the wing, it vould te most Jdesiradle to utilize
the BLC portiur ot 1he aing to counter the 1itt lows asLociateu with the spoiler,
One peuasible system (F g, 4), woule involvg increasing the BLU and spoiler Jet
volune tlow rates simultaneously i sach ¢ way fThot ACLS = AC sLc for
any gy This approach iavoives nower peraftius greater fhan that required
by the spoiled glone, 1t BLU ts operatea continuously at » leve) C/J 8o N

tren the total & is given t
© Q -f“ way ' g Y

= C,. -

Cl‘-vorv\o.mo_; /‘BL.C°+ KCHM‘V. 8,

ai@ry K isu related to the tunctlona) dependence oi  AC taz Jitt

-eLc '
increment associated with increscs in bounuary layer atr tloweing adove the feve!l
C,U-an._c, , upon ACL.S , the 11ttt deccemenrt Jue to the spoiler, in

order that the net change in lift be zero. Since the diiterential BLC tlowling

may con*cibute appreciab!e rolling moment in special cases, this system m.y



3llow reduction of C/-‘*Swwxy .
Tue above arguments suggest that the major advartzge of tre air jet spolier,

P Giroratt,

as compared to the Use of conventicnal spotler Jesigns on wi

comea from itc uze i conjunctign w e ii‘i devices invoiving

blowing o~ suctlon, ang zecondor ily trom the indications that jts control
response is more tavorable. With thjc in mind sore prelimingr y calculations on
tre L-ll eircroft are carried out balow for bone  requirements, weigrt penalfles,

trim changes, anc perior~ance ¢! a Blu-biowing-jet apciler corbination.




IIT. Calquietigng for L-¢| Alrpiane
Dlmensions ana orthographic projections ct this alrcratt are given In

bl

Flgure 5, from this drawing tne tollowing data is obtalned:

AR = t.3
I VAN N
S = 178,95 sq. it,
¢ = 55 Inches (mean serodynamic chord)
¢t = .. 34 (ilap and aileron)
W = |]700 Ibs, (. penple and maximum fuel load)

a. tfact of full an tlaps on the maximym | itt ccofticjent
From Reterence &, the section lift slope of the USA 35-B is given as

.099 pesr cegree. It is assumed, In the absence of any experimentel gate, that

the 1ift wlope of the modified 35-B airfoil (upper ordlinates increased 4%) is

alsu ,099. Tne jitt slopge of *ae Lol wing is ihen given by

Q,, =(-987s) — (0%m) =.0775 (‘lap undetlectad)
ACKT
We ore considering landing speeds in the vicinity ¢t S tps, and therefors
wxamine the CL, . at o Keynotds Numzer oi zoou® !'.56 = 106 based on wing crord,
trom Refurence ., serodynsmic dats token at a RKeyrolas number of | «x 10"
ingicate that root stalling will begin at an angle of attack of 16°, and that

(.4 , the anyle ot zero |ift, tlaps undeflected, is -4%, ylelding

Ry WRRS
& maximum | ift coatficient of [,5%, tor power-off tlignt,
The tollcxing tarle gives typical section litt increments tor slotted flaps

dotigcted 40°:



NC Retererce /T
1.5 1t L2566
1,40 8 W2
HA | 2%¢
1.35 i .30c¢

A value of 1.30 is used here as typical tcr a slotved Tlap having cy/c = .54,
The cnange in OC q¢. for the L~2| wing naving a slotte: tlap watending from

.09-b/2 toc .875-L/2 is given by (Re‘erence 8),

A“o; = ~(8.25) (1,%) = -10,8t
The incremgnt in litt coetticient due to the flap detlecticn is .B42, In
Reterence 2 tha stalliny angle was found tc decrease about 22 for & partial
span with tlaps deflected 40°, it a value of - is used tor tull span !laps,

the maximun J1tt coetticient tecomes

AQ'Lmu;S‘ .act (tull span) = (.7.80) (,0779) » 2.16

and the net increase in £ is .el,
max
b. Eifect ot boJraary tayer blgwing over jnugerd tlap
The variaticn in ACL e (¢ue to BLC over a plaln tlap) VS'C"‘!LC
tor & - 20° 1s given ir Figuro 7, The Cfg aLc tor whichk the Inboar¢

ttap contributlon takes on its theoratical valie wos obtained trom the
corralsted data presented in Reference 4, The section Jitt increment at the
inboard tlap is then increased by .98, causlng the X o  of the wing to shift

«ith C

iomic is taken to be | inear

-1,22°, Tnme varistion of AC s.c

wp to Cay . = .03 (tnls is accurate in most inctances for d§ < 40°, and

is assumed to be vaiicd here)., For C# oL >,0}, AC Lerc cont inves to



incrcase, duc to “churd extension”, but ot a much glower rate, A probable
variatlon is 'ngiceted by the zasned line. It is assumed that the system
dacer ibad here will be operated at a (l/; gLc less than 02, The stalling

angle ¢f attack of 13°

for BLC off is retalned for BLC on, alihcugh the
validits ot this mssumptiion will depend upon the stallling charr.cferlgfics of
the particular section under conslceratlon.

trom the studies ot the maximum lift coeiticlent ot !lght plsres with BLC

equipment qiven in Reterence %, it appears that

Cy (power on)
x -
= |.,5 for *he ranges of tiep detlectlons

c e
Lma- (power ott)

under consiguret ln, The erleci o1 power is “hen to suppress separation of the
irbosr¢ wing panel, as 1. shcwn in Figure 6, Due to the lower pcwer icading

ot 1w L-Ut, a5 vompared with that of Raterence 9, the power ettect is estimated

at 1,3, giving ¢ naximum | ittt coettricient ot 3.16 with 6}_ - 40Y, C}-‘.L&;g
~ 05,
c, r_¢-nsi t ions

As the spoiler Jet and blowing tiap are tec by the same power source,

the power requirements will 5@ bLased upon the maximum tlow that might be

reQulired during normal tlignt., We assume a dasign E%- ot .07. Reterance
- <l

give. the C t ths L=2I .93, which 3 £.135,

10 give °Cyp o 85 .33, which demands a C"‘b moyx ° 135

Since it |s deslrable to have the net litt ot the wing remaln constant with
Lapplication ot the spoller, the tollow!ng system will be adopted:
(1) BLC operates continuously a2t a level C/"‘Btco

(2) Varlable width jets are used to vary C tor Jet and blowing flaps, and
78 g P

e e as L



0.

(%} The net 1itt is unchanged with applicatior :f a spoiler jet; that isg,
right wing spoiling is accompanied by intrease in Sy g . On lutt wings,
Considering the iest speciflcation, we have, for two flsp parets,d(‘,._.u: = 8,87

"'A'Cr'i 18 & result of the 1inea variafion assumad. Alen

-(4)&‘.L_ - e 2rs)
(.3} (.2

The C/‘ rgquired to satlsty coadltion (5) above is theretore gilver by:

8L o
1.222 -
g" i (‘1‘ + ( )C}l-“p --CM +.ISQC;45M
Bl oy sc, 8 ar o, *

A force ot 1/2 ACL“‘S.‘%‘IH act at » moment arm roughly 1/4 that of the

AC‘LS = C/‘s = =222 C'/u‘-:!

1

spoiler, so that /4 ot 1he contribution fo Cy wif) come trom t™3 flap., Hiance

l = (_.z;?-gl_.cﬂ = ,0837] and tor (& = .07
max (.8) Smox 2V fmoyx

= C 018
C}JQLCMQY, M&Lﬂo *

we fat Cpop " .019 (naiving the formar contribution of LLT to the angle

ot zerp litt) so that

[o®
T ELC moyx =030

Mnen deafing with powar requiremenis, a volume tlow costtlicient is ucetul,

dgfined by

Cq-= Q , 5 is the attected ving area
V5

e fting thet
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The fotal volume flow required is given by Ty
c QrgraL V., (,.. Lac & ‘s
AT 2 - - - — Yy -, 1 oy —
Vos., | Sw | Foewve Vs
~ ‘- 2 5
A =P le, A a By
LRSS o 7~ i -
) PO Nee  F3 % |
A Y

Wo assume that Vyic = Vg, = CVAF , where C is & constant dependent on slot
da.lgn and assumed the sane tor both siots, and AF s the pressure

dirtarantial acruss the slots assumed to be the same tor spoiler and flap, The

Po
requlired vclume tiow is given by -
VZ‘ Vichb
QTOTAL RPESD = _57(;9_'.{(.]03)(.0425) + (.0 5)(.[898 - 56#
2z a3
Now , va = 84) __Jf!“__ tt*/sec,., oad tor & deslgn CLmax of 2,98 (now using the
w1l :
Feoucod veiue Gf AcLeLc.o } '
. 2 4 . W W (48
Qurora_peye = 02260 {(8a) W __ 5 382 W +3/sec
TA CRaw 5w(2,9ﬂ C r—AP Cf-.AP / o
v
The air no~sepower required to carry this volume of air through the pressure
. APQ .
ditierantial AP s ___MA_';. .&”;-Qi VAP WP
530 <
As & power supply, the hydroulic system cdescribed In Reterwunce 5 will be for

uvsad In the calculation ot required flow quantlty and cuct pressura. This system
Jtilliws o high ettic eacy hydiaulic pump oand axial flow fanz capable of 8.5 alr
horsepower. The prcobable weight penalty w«hen installed on the L-21, including
structual moditication, Is approximately 300 Ibs. A pussible reduction of full

thiottle power of 158 coen be expected. Taking minimum volume {low of 42 f,t};’;;;.

N

'
. s
{correzponding to slct widthe ci ,004c) and C = 30 itlisec, 1b, ",



A

2
Y g3szzgloo_0_)_
@0 X 40)
AD - 245 r'b/t?;

Tne 2ir horsepomer required is .20, mell withia that svailchle atter
internal losses.

Assuming BLC is ott, ang that 5 air horsepcwer are availavle, the maximum

Po/iv thet can be developed at ahy airspeed, Vo. »ill be calculstec, Here &
M ot 1,3% is needed, so that
HC ma
Q 00574 v:Cb 2961 V2 A1r Hor wer « 550
ToTAL geGo = : - e = 3
cvar CVEP coP

. 5. .
It 3 me imum volume 1]low ot 40 tt /sec is ailomed,

APrg, = 488 Tbu. 1t

and the maximum Vo for whicn a @2/0v ot .07 can be dvelopes is

I P P
i el ! 103 tps
! L0l -
743
for ¥ > 103 oy, Fb\ = ‘I“Z . Tnece rosulty are given in Figure 8,
d 2V Jmar Vo



¢. hanglfydinal trim

From Roterence 8, the condltlons tor longltudlina: trim requlre that

- X T =
Alppgs ¥ AR~ Ay (At + 'raég-.cse)vm =0

- an®

Assming G - 03, CLle =0, S«
4 -0 - - .
ACMJ_-_ - - 5/
AC L = 1,01t (power oif)
Yoz = .09
T = .8 (assumed)
[ of
v =, lbb
2, = 069 approximately
T e .4
Tngretore 1.1 xeg - 00 - L0002 (L + 18{a — /a8
de )
Now — = 5.7 away from grounc etfttect, ang we assume
d7

during landing, The conirol detlections required curing lancing

tro moments associated witr the tlap, ang BLT are thean

Arg T 34ie = 50 48 Vi -2. 4
Placing the cg at 30fc (Ret. %),

R T -t

(tull span).

) = 0

d€
dCu
to overcoms

= 2,86

which aetinas the maxlmum control vetlectlsrs aver ana abava that required by

the unmoditied aircratt { S& « 0% during lanalng.
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